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(57) Abstract 

A pixel sensor array structure which reduces the amount of striped fixed pattern noise includes a plurality of pixel sensors arranged 
in an array; a column in the array, a plurality of load devices, each load device coupled to one of the column lines and tea column reset 
reference potential; a plurality of column select switches, the common line coupled to the column select switches and to a buffer amplifier. 
A unity-gain buffer amplifier may be coupled to the common line and to a driven shield, which acts to reduce the effective capacitance of 
the common line. The. column select switches transistors may be designed with an annular layout to reduce the capacitance they add to the 
common line. The load devices may be designed with a relatively large length and width to minimize variations in their bias currents. A 
two-tap FIR filter may be coupled to the array amplifier to correct pixel values which may be blurred when fast multiplexing is used. 
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SPECIFICATION 
REDUCING STRIPED NOISE IN CMOS IMAGE SENSORS 

BACKGROUND OF THE INVENTION 
L Field of the Invention 

The present invention relates to image sensor arrays. More particularly, the 
present invention relates to CMOS image sensor arrays for still camera applications 
specifically designed to reduce fixed pattern striped noise. 

2. The Prior Art 

Integrated image sensors are known in the art. New advances in image sensor 
technologies have allowed these sensors to be fabricated from complementary metal- 
oxide semiconductor (CMOS) technology. 

CMOS image sensors and image sensor circuitry may be organized in a manner 
similar to that which is disclosed in co-pending application serial No. 08/969,383, filed 
November 13, 1997; Individual pixel sensors may be designed in a number of different 
ways. One possible pixel sensor design is depicted in FIG. 1. Pixel sensor 10 
comprises a photodiode 12 having its anode connected to a fixed voltage potential 14 
(shown in FIG. 1 as ground). The cathode of photodiode 12 is connectable to an 
amplifier 16. The cathode of photodiode 12 is also connectable to a reference potential 
Vref 18 via a reset switch 20 so that the photodiode 12 is reverse biased. The output of 
the amplifier 16 is attached to a row-select switch 22, which is connected to a row select 
line 24 and a column line 26. 

The pixel sensor depicted in FIG. 1 is operated as follows. First, the pixel 
sensor 10 is reset by turning on the reset switch 20. Then the reset switch 20 is turned 
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off so that integration of photocurrent from photodiode 12 can begin. The current from 
the photodiode 12 is integrated on the amplifier 16 input node capacitance to form a 
voltage signal. At the appropriate time, the voltage on the row select line is raised, 
which activates the row-select switches 22 in each pixel sensor 10 in the row. This 
allows the amplifier 16 to drive column line 26. Column line 26 then leads down to 
more circuitry that will typically amplify and store the signal, and then convert the 
signal into digital form for inclusion in a digital pixel stream. 

Another possible pixel sensor design is depicted in FIG. 2. This pixel sensor 
design provides for storage of the signal within the pixel sensor and is thus referred to 
as a storage pixel sensor 30, while the pixel sensor in FIG. 1 is referred to as a non- 
storage pixel sensor. Storage pixel sensor 30 comprises a photodiode 32 having its 
anode connected to a fixed voltage potential 34 (shown in FIG. 2 as ground). The 
cathode of photodiode 32 is connectable to a storage capacitor 36 via a transfer switch 
38. Storage capacitor 36 has a first plate connected to transfer switch 38 and a second 
plate connected to a fixed potential (shown as ground 34 in FIG. 2). The cathode of 
photodiode 32 is also connectable to a reference potential Vref 40 via a reset switch 42 
so that the photodiode 32 is reverse biased. An amplifier 44 has its input connected to 
storage capacitor 36. The output of the amplifier 44 is attached to a row-select switch 
46, which is connected to a row select line 48 and a column line 50. 

The pixel sensor depicted in FIG. 2 is operated as follows. First, the pixel 
sensor 30 is reset by turning on both reset switch 42 and transfer switch 38. Then the 
reset switch 42 is turned off so that integration of photocurrent from photodiode 32 can 
begin. Since transfer switch 38 is turned on, the capacitance of the storage capacitor 36 
adds to the capacitance of the photodiode 32 during integration, thereby increasing the 
charge capacity and therefore intensity range of the storage-pixel sensor. This also 
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reduces variation in the pixel output due to capacitance fluctuations since gate oxide 
capacitance from which storage capacitor 36 is formed is better controlled than junction 
capacitance of the photodiode 32. 

When the integration is complete (determined by exposure control circuitry, not 
shown), the transfer switch is turned off, isolating the voltage level corresponding to the 
integrated photocharge on the storage capacitor 36. Shortly thereafter, the photodiode 
32 itself is reset to the reference voltage 40 by again turning on reset switch 42. This 
action will prevent the photodiode 32 from continuing to integrate during the readout 
process and possibly overflowing excess charge into the substrate which could affect 
the integrity of the signal on the storage element. 

After the reset switch 42 is turned back on, the readout process can begin. At 
the appropriate time, voltage on the row select line is raised, which activates the row- 
select switches 46 in each pixel sensor 30 in the row. This allows the current from the 
amplifier 44 to travel to column line 50. Column line 50 is coupled to more circuitry 
that will typically amplify the signal, and then convert the signal into digital form for 
inclusion in a digital pixel stream. 

FIG. 3 is a block diagram depicting an example of a pixel sensor array and the 
surrounding architecture. The pixel sensors are organized in pixel sensor array 70. The 
row select line of each row of pixel sensors is connected to the row decoder 72. 
Depending upon the architecture of the pixel sensors, the connection to the row decoder 
may also be made with a transfer select line. The row decoder 72 receives a row select 
pulse 74 and activates the row select switches in the appropriate row of pixel sensors. 
Again, depending upon the architecture of the pixel sensors, the row decoder may or 
may not receive a transfer gate pulse 76, which activates the transfer switches in the 
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appropriate row of pixel sensors. It is also possible to have an array comprise only a 
single row of pixel sensors. This is known as a linear imager. 

The output of each row of pixel sensors travels down column lines 50 to column 
sampling and multiplexing circuits 78. This block will amplify each of the column lines 
and multiplex them, rapidly selecting one at a time, resulting in a stream of amplified 
signals. This stream will pass through an analog to digital converter 80. such that the 
output is a stream of digital information. The column sampling circuits and multiplexor 
block 78 also may store the signals temporarily, for example, to do a subtraction of a 
noise signal in correlated double sampling architectures. Both the column sampling 
circuits and multiplexor 78 and the row decoder 72 are controlled by a counter 82. 

Additionally, a common reset line 84 is provided which is connected to each 
pixel sensor's reset switch. Furthermore, in designs using either type of pixel sensor, a 
correlated double sampling circuit can be added to reduce noise generated by the pixel 
sensor. 

Correlated double sampling can be performed in many different ways, but its 
function may be generally understood from the following example. FIG. 4 is a circuit 
diagram depicting an example of a column double sampling circuit 100. One of these 
circuits may be placed on each column line. The sampling process occurs as follows. 
First, the signal level for each pixel sensor is read out and stored in the sampling 
circuitry in the column. Then the transfer switch is turned on again (for that row only) 
which makes the reference level available to the sampling circuit. This form of double 
sampling allows for canceling of noise sources in the pixel sensor that are slowly 
varying compared to the time between the two samples. 
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With the firs, signal voltage (VI, present on tt>e 1 eft of the capacitor 104, switch 
106 is on. The vo.tage stored across capacitor 104 is equal to the signal voltage VI. 
Then switch 106 is turned off, and the voltage on the firs, plate of capacitor 104 moves 
to a new level (V2) representing the reference voltage. The votoge across capacitor 104 
will no, change during this time because there is negligible current flowing into the 
amplifier 102 or through switch 106. Thus bo* plates of capacitor 104 will change by 
(V2 - VI), and the voltage atthe input of amplifier 102 at the end of the cycle will be 
(V2 - VI). in this way, noise, offsets, etc can be subtracted from the output of the 
array. Persons of ordinary skill in the art will recognize that there are other prior art 
CDS circuits and architectures. A CDS circuit with a CMOS active pixel sensor array 
was described in Akimoto, e. al, United States Paten. No. 4,942,474. 

FIG 5 is a block diagram depicting an example of the layout of the column 
sampling circuits and multiplexor block 78 of FIG. 3. Each column line 120 is coupled 
to a column amplifier 122, which may include a CDS capability. The column amphfier 
122 is then coupied to the multiplexor 124. The multiplexor 124 receives input from an 
address signal 126, that selects which column should currently be sen. to the output. 
The address signal 126 may be coupled to a counter or other circuit which controls the 
column address sequence. A signal representative of .he voltage on the selected column 
line 120 is then output, typically to an analog to digital converter. 

Fixed pattern noise (FPN) is a visual artifact caused by variation in output pixel 
values due to device and interconnect mismatches across an image sensor. There are 
several different kinds of fixed pattern noise, bu, the mos, common are random noise 
and striped noise. Random noise comprises random variations of the individual pixels. 
Striped noise, on the other hand, comprises random variations from column to column, 
resulting in vertical bars appearing in the image. The term striped noise really only 
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Another object of the present invention is to provide an architecture that reduces 
the effective capacitance of a common output line to speed up settling and lessen 
blurring of the column signals across a row. 

BRIEF DESCRIPTION OF THE INVENTION 

A pixel sensor array structure which reduces the amount of striped fixed pattern 
noise includes a plurality of pixel sensors arranged in an array; a column line for each 
column in the array, each column line coupled to the pixel sensors associated with that 
column; a plurality of load devices, each load device coupled to one of the column lines 
and to a column reset reference potential; a plurality of column select switches, each 
column select switch coupled to one of the column lines; and a common line, the 
common line coupled to the column select switches and to a buffer amplifier. 

A unity-gain buffer amplifier may be coupled to the common line and to a 
driven shield, which acts to reduce the effective capacitance of the common line. The 
column select switch transistors may be designed with an annular layout to reduce the 
capacitance they add to the common line. The load devices may be designed with a 
relatively large length and width (i.e. large relative to the minimum device size of the 
technology) to minimize variations in their bias currents. Alternatively, the load 
devices may be operated as column reset switches. 

The pixel values of a specific row may men be read out by discharging all of the 
column lines in the array to a column reference potential, for example ground, using 
column reset switches; turning off column reset switches and driving a row-selec, hne 
high for an appropriate row, which connects source followers to the column lines; 
waiting a predetermined time for the column lines to be charged; selecting one column 
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much more noticeable. Random noise is generally less objectionable than 

without a concurrent reduction in striped noise can cause 
of the striped noise is 80,900 and the-. 



st 

reduction of random noise 
more problems than it solves. The variance 
variance of the random noise is 4,155. This gives a random noise,tnped noise vanance 
ratio of 0.05 . Thus, the higher the variance ratio the less noticeable the striped noise >, 
Further investigation has revealed mat an architecture in 

due to random variations of the pixels is at least 100 times the variance or at least 10 
times the root mean square (rms) of the fixed pattern noise due to striped no.se „ 
preferred in order to properly mask the striped noise. 

An object of the present invention is to provide an architecture that reduces fixed 
pattern striped noise in CMOS image sensors. 

Another object of the present invention is to provide an architecture that enables 
fast pixel readout without column amplifiers. 

Another object of the present invention is to provide an architecture that works 
in such a way that the rms fixed pattern noise due to random variations of the pixels is 
at least 10 times the rms fixed pattern striped noise. 

Another object of the present invention is to provide an architecture which 
allows for the dynamic use of a pixel sensor's source follower amplifier transistor to 
store charge on the column lines and read out column signals by charge sharing alone m 
order to aid in accomplishing the other objectives. 



7 



WO 99/66709 



PCT/US99/13471 



line at a time to connect to the common line, thereby sharing the charges between the 
selected column line and the common line; and buffering the voltages on the common 
line. A two-tap FIR filter may be coupled to the array amplifier to correct pixel values 
which may be blurred when fast multiplexing is used. The array structure may be 
designed such that the rms fixed pattern noise due to random variations in the pixels is 
at least 10 times the rms fixed pattern striped noise, so that any striped noise that 
appears will be much less noticeable. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 

FIG. 1 is a circuit diagram depicting an example of a CMOS pixel sensor 
without storage capability as known in the prior art. 

FIG. 2 is a circuit diagram depicting an example of a CMOS pixel sensor with 
storage capability as known in the prior art. 

FIG. 3 is a block diagram depicting an example of an image sensor array and the 
surrounding architecture as known in the prior art. 

FIG. 4 is a circuit diagram depicting an example of a column double sampling 
circuit as known in the prior art. 

FIG. 5 is a circuit diagram depicting an example of the column sampling circuits 
and multiplexor block of FIG. 3 as known in the prior art. 

FIG. 6 is a grayscale image illustrating the fixed pattern noise generated in a 
system without CDS. 
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FIG. 7 is a grayscale image illustrating the fixed pattern noise generated in a 
system with CDS. 

FIG. 8 is a circuit diagram depicting a presently preferred embodiment of the 
invention. 

FIG. 9 is a signal flow diagram depicting the implicit representation of the 
charge-shared column readout arrangement as first-order linear discrete-time filter. 

FIG. 10 is a signal flow diagram depicting a two-tap FIR filter for correcting the 
blurring in the pixel output. 

FIG. 1 1 is a layout drawing depicting a column select switch having an annular 

layout. 

FIG. 12A is a layout diagram of the top view of a multiple level driven shield. 

FIG. 12B is a layout diagram of a side view of a multiple level driven shield 
taken along section line 12B-12B of FIG. 12A. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 
Those of ordinary skill in the art will realize that the following description of the 
present invention is illustrative only and not in any way limiting. Other embodiments of 
the invention will readily suggest themselves to such skilled persons. 
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FIG. 8 is a circuit diagram depicting a presently preferred embodiment of the 
present invention. Pixel sensors 150 are organized in an array as known in the prior art. 
FIG. 8 depicts an array that has three rows and three columns but the present invention 
may be used with a pixel sensor array that is of any size. Each pixel sensor may be 
coupled to a column line 152 and to a row select line 154 as depicted in FIGS. 1-2. The 
pixel sensors 150 may be of any type and are not limited to the embodiments described 
in FIG. 1-2. In the multiplexor block 156, the column lines 152 are coupled to load 
devices 158, which may provide a bias current. The load devices 158 may be fabricated 
with a relatively large area to reduce random variations in their bias currents. The load 
devices should have on the order of at least several times the length and width of a 
minimum sized device of the technology, such as a reset transistor, and may function 
even better if their gate areas are at least one hundred times the gate area of a minimum 
sized transistor. Alternatively, the load devices 158 may be coupled to a first potential, 
such as ground, and to a column reset line 160, which allows the load devices 158 to act 
as column reset switches. 

The column lines 152 are also coupled to column select switches 162. The 
column select switches 162 may be of any type design, such as MOS transistors. The 
column select switches are enabled by a decoder and connected to a common line 164 
such that when the appropriate signal is received from the decoder, the column select 
switch 162 is activated and the signal from that column flows onto the common line 
164. The common line 164 is coupled to a buffer amplifier 166, which amplifies the 
signal. 

The use of a single buffer amplifier rather than a multiplicity of column 
amplifiers reduces fixed pattern striped noise because there are no longer variations due 
to the offset and gain of each column amplifier. One disadvantage of this design is that 
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the settling time constant of the high capacitance common line being driven only^by the 
small amplifier in the pixel sensor is obviously quite slow. Normally, this would make 
it difficult to get a high pixel signal rate. However, if the multiplexing of the circuit is 
performed rapidly, then the voltage on the common line does not settle to an asymptotic 
value but instead quickly settles to a value determined by charge sharing between the 
column line and the common line, with a time constant limited by the column select 
switch rather than by the pixel sensor's amplifier. It is not the same value that would be 
read out if the circuit were operated at a low multiplexing rate, but it is related by a 
simple first-order discrete-time function. 

When the column select switch closes, the potentials on the column line and the 
common line equalize by charge moving as needed from one to the other. The final 
potential is a linear combination of the two potentials before closing the switch, with 
weight 1-b for the column line potential and b for the common line potential, where b is 
the ratio of the common line capacitance to the sum of the common line and column 
- line capacitances. FIG. 9 shows this operation as a signal flow diagram of a first-order 
recursive discrete-time filter in which the sample delay 186 corresponds to memory of 
the previous column's signal on the common line, and multipliers 182 and 188 are the 
weights discussed. If the columns are selected rapidly relative to the time constant 
associated with the pixel sensor driving the column line, then this filter is a good model 
of the resulting signals read out through the final amplifier. 

The charge-shared column readout arrangement is thus essentially a discrete- 
time filter which smears the pixel values. Each smeared charge-shared output value 
x(n) is the weighted sum of the ideal column signal w(n) and the previous output 
x(n-l), with weight 1-b for the ideal column signal and b for the previous output, where 
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b is the ratio of the common line capacitance to the sum of the common line and column 
line capacitances. 

Referring again to FIG. 8, a two-tap finite-impulse-response (FIR) filter 172 
may then be used to correct for the smearing or blurring of the pixel values. Such a 
filter is illustrated in FIG. 10. Smeared pixel values input 192 is received from the array 
amplifier and sent to a unit delay 194. The pixel values input 192 is also sent to a 
multiplier 198. The output from the unit delay 194 is also sent to a multiplier 196. 
Multiplier 198 then multiplies x(n) by 1+a, where a is the capacitance of the common 
line divided by the capacitance of the column line. Multiplier 1 96 then multiplies 
x(n-l) by -a. Adder 200 adds the outputs of the multipliers 196, 198 together, arriving 
at a corrected pixel value output (l+a)x(n) - ax(n-l), which is theoretically exactly 
equal to the original column signal w(n) if the coefficient a is chosen correctly. 

Even with the addition of the two-tap FIR filter, there are still some minor 
disadvantages introduced when using the circuit with the load devices used as bias 
current sources. The load devices are still a potential cause of striped noise. The bias 
currents are always flowing in all columns during readouts in order to keep the columns 
charged to the correct voltage so there is a considerable waste of power. The pixel 
sensor amplifier, acting as a source follower, responds nonlinearly at the time the 
column is selected and the voltage on the column line changes, which introduces a 
slight non-linearity into the resulting discrete-time filter. 

In order to remedy these concerns, the whole system may be operated 
dynamically using linear charge sharing as the only mechanism for getting the signal 
out. For each row, all column lines are discharged to ground using the load device as a 
column reset switch. The column reset switch is then turned off and the row select line 
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is activated for a predetermined length of time, connecting the amplifiers in the pixel 
sensors to the column lines, where they work against the dynamics of charging up the 
capacitance of the column line rather than against a current source load. The voltages 
on the column lines increase logarithmically, about 60 mV per common log unit of the 
length of time they are turned on, rather than on an exponential approach to an 
. asymptote. 

After a predetermined time, the column reset switches are turned off. The 
column lines are charged to voltages in a known predetermined relation to the signals at 
the inputs of the pixel sensor amplifiers, with random variations that depend on the 
particular amplifiers but not on the column lines, because the column line capacitances 
are well matched. One column line at a time is then selected to be connected to the 
common line, sharing the charges between the selected column line and the common 
line, and thereby creating a very linear discrete-time filtered version of the sequence of 
column signals across the row, with little or no dependence on the rate or duration of the 
column select signals. The design and timing of the column decoder that drives the 
column select switches must be done with care as known in the art to assure that no 
glitches occur, because glitches may cause unwanted sharing of charge with columns 
that are not supposed to be selected. 

Another potential problem that may be addressed is the effective capacitance of 
the common line, which may be so high as to cause the charge sharing to severely blur 
the column signals across the row. Referring to FIG. 8, this may be addressed by 
coupling a unity-gain buffer amplifier 168 to the common line 164 in a similar fashion 
as the array amplifier 166. The output from this unity-gain buffer 168, however, is used 
as a driven shield line 170 around the common line 164, which will reduce the effective 
capacitance of the common line 164 and reduce blurring. The driven shield 170 may be 
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placed on multiple levels of metal above, below, and to the sides of the common line 
164 to greatly reduce the effective capacitance. 

Another optional feature which reduces the effective capacitance of the common 
line is to design the gate electrode of each column select switch transistor so that it is 
laid out in an annular fashion around the output terminal to the common line. FIG. 1 1 is 
a layout drawing showing a select switch transistor having an annular design. Gate 
electrode 210 fully surrounds source/drain terminal 212, causing source/drain terminal 
212 to have a low capacitance relative to source/drain terminal 214, thus reducing the 
effective capacitance of the common line to which source/drain terminal 212 is 
connected. 

FIG. 12A is a partial layout drawing of a multiple-level driven shield 
around the common line. FIG. 12B is a corresponding cross section taken at 
section line 12B-12B in FIG. 12A. Common line 220 on the Metal-2 layer is 
coupled to each column select switch annular MOS transistor through Metal- 1 
pad 232 through openings in the insulating oxide layers. The driven shield 
preferably includes several surrounding portions: an underlying Metal- 1 
portion 224 with an opening around pad 232; flanking Metal-2 portions 226 
and 228; and an overlying Metal-3 portion 230 (shown only in FIG. 12B). The 
gate 222 of the annular MOS transistor is also shown, as are field oxide 
areas 236 and thin oxide area 234 associated with the annular MOS transistor. 

It is also preferable to design the circuit in such a way as to have the fixed 
pattern noise due to random variations of the pixels at least 100 times the variance (10 
times the root mean square) of the fixed pattern striped noise so that the random texture 
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of the image will mask any residual striped pattern. Prior art systems with CDS 
typically have a larger striped than random error. 

Referring back to FIG. 8, it may also be helpful to add a capacitor 174 tied to 
each column line 152. This capacitor may then be referenced to a fixed voltage 
potential, for example ground. This would further reduce blurring and would be 
especially helpful when the pixel sensor array has only one row, a configuration known 
as a linear imaging array. 

While embodiments and applications of this invention have been shown and 
described, it would be apparent to those skilled in the art that many more modifications 
than mentioned above are possible without departing from the inventive concepts 
herein. The invention, therefore, is not to be restricted except in the spirit of the 
appended claims. 
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CLAIMS 

What is claimed is: 

1 . A pixel sensor array structure disposed on a semiconductor substrate 
comprising: 

a plurality of pixel sensors arranged in an array; 

a column line for each column in said array, each column line coupled to the 
pixel sensors associated with that column; 

a plurality of load devices, each load device having a first terminal and a second 
terminal, said first terminal coupled to one of said column lines; 

a plurality of column select switches, each column select switch having a first 
terminal and a second terminal, said first terminal coupled to one of said column lines; 
and 

a common line, said common line coupled to the second terminal of each of said 
column select switches and to a buffer amplifier. 

2. The pixel sensor array structure of claim 1 , wherein said second terminal 
of each of said load devices is coupled to a first potential. 

3. The pixel sensor array structure of claim 2, wherein each of said load 
devices is further coupled to a column reset line, wherein said column reset line 
operates to control each of said load devices as a column reset switch. 

4. The pixel, sensor array structure of claim 1, wherein each of said load 
devices provides a bias current. 
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5. The pixel sensor array structure of claim 4, wherein each of said load 
devices has on the order of at least one hundred times the area of a minimum device size 
of the technology to minimize random variations in their bias currents. 

6. The pixel sensor array structure of claim 1, wherein each of said column 
select switches is further coupled to a column decoder. 

7. The pixel sensor array structure of claim 1, further including: 

a unity-gain buffer amplifier having an input and an output, said input coupled 
to said common line and said output connected to a driven shield. 

8. The pixel sensor array structure of claim 7, wherein said driven shield is 
provided on multiple layers of metal around the common line to reduce the effective 
capacitance of the common line. 

9. The pixel sensor array structure of claim 1, wherein said column select 
switches are designed with an annular layout to minimize the capacitance they add to 
the common line. 

10. The pixel sensor array structure of claim 1 , further including a two-tap 
FIR filter coupled to said buffer amplifier. 

11. The pixel sensor array structure of claim 1, wherein each of said pixel 
sensors is a non-storage pixel sensor. 

12. The pixel sensor array structure of claim 11, wherein each of said non- 
storage pixel sensors comprises: 
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a photodiode having a first terminal coupled to a first potential and a second 
terminal; 

a semiconductor reset switch having a first terminal coupled to said second 
terminal of said photodiode and a second terminal connected to a reset potential that 
reverse biases said photodiode; 

a semiconductor amplifier having an input connected to said second terminal of 
said photodiode and an output; and 

a row select switch having first and second main terminals and a control 
terminal, said control terminal coupled to a row select line corresponding to the row in 
which the pixel sensor is located, said first main terminal coupled to said output of said 
semiconductor amplifier, and said second main terminal coupled to said column line 
corresponding to the column in which the pixel sensor is located. 

13. The pixel sensor array structure of claim 1, wherein each of said pixel 
sensors is a storage pixel sensor. 

14. The pixel sensor array structure of claim 13, wherein each of said storage 
pixel sensors comprises: 

a capacitive storage element having a first terminal coupled to a fixed potential 
and a second terminal; 

a photodiode having a first terminal coupled to a first potential and a second 
terminal; 

a semiconductor reset switch having a first terminal coupled to said second 
terminal of said photodiode and a second terminal coupled to a reset potential that 
reverse biases said photodiode; 
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a semiconductor transfer switch having a first terminal coupled to said second 
terminal of said photodiode and a second terminal coupled to said second terminal of 
said capacitive storage element; 

a semiconductor amplifier having an input connected to said second terminal of 
said capacitive storage element and an output; and 

a row select switch having first and second main terminals and a control 
terminal, said control terminal coupled to a row select line corresponding to the row in 
which the pixel sensor is located, said first main terminal coupled to said output of said 
semiconductor amplifier, and said second main terminal coupled to said column line 
corresponding to the column in which the pixel sensor is located. 

1 5 . The pixel sensor array structure of claim 3, further including a unity-gain 
buffer amplifier having an input and an output, said input coupled to said common line 
and said output connected to a driven shield, and wherein each of said storage pixel 
sensors comprises: 

a capacitive storage element having a first terminal coupled to a fixed potential 

and a second terminal; 

a photodiode having a first terminal coupled to a first potential and a second 

terminal; 

a semiconductor reset switch having a first terminal coupled to said second 
terminal of said photodiode and a second terminal coupled to a reset potential that 
reverse biases said photodiode; 

a semiconductor transfer switch having a first terminal coupled to said second 
terminal of said photodiode and a second terminal coupled to said second terminal of 
said capacitive storage element; 

a semiconductor amplifier having an input connected to said second terminal of 
said capacitive storage element and an output; and 
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a row select switch having first and second main terminals and a control 
terminal, said control terminal coupled to a row select line corresponding to the row in 
which the pixel sensor is located, said first main terminal coupled to said output of said 
semiconductor amplifier, and said second main terminal coupled to said column line 
corresponding to the column in which the pixel sensor is located. 

16. The pixel sensor array structure of claim 15, wherein said semiconductor 
amplifier is a MOS transistor, and wherein said output of said semiconductor amplifier 
is the source terminal of said MOS transistor. 

17. The pixel sensor array structure of claim 1, wherein rms fixed pattern 
noise due to random variations of the pixels is at least 10 times the rms fixed pattern 
striped noise. 

18. The pixel sensor array structure of claim 1, further including a plurality 
of capacitors, each of said capacitors coupled to one of said column lines and each of 
said capacitors further coupled to a fixed potential. 

19. A method of reading out voltages from a row of pixel sensors, including 
the steps of: 

discharging all of the column lines in an array of pixel sensors to ground using 
column reset switches; 

turning off column reset switches and driving a row-select line to an active level 
for an appropriate row, activating row-select switches in the row, which connects source 
followers in each pixel sensor in the row to the column lines; 

waiting a predetermined time for the column lines to be charged and then 
driving the row-select line back to an inactive level; 
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selecting one column line at a time to connect to a common line, thereby sharing 
the charges between the selected column line and said common line; and 
buffering the voltages on said common line. 

20. The method of claim 19, further including the step of correcting the 
blurring that may occur in said voltages. 

21. The method of claim 19, further including the steps of: 

buffering the voltages on the common line using a unity-gain buffer amplifier; 

and 

using the output of said unity-gain buffer amplifier to drive a shield around said 
common line to reduce the effective capacitance of the common line. 

22. The method of claim 21, wherein said shield is placed on multiple layers 
of metal around the common line. 

23. The method of claim 19, further including the step of keeping the rms of 
fixed pattern noise due to random variations of the pixels above 10 times the rms fixed 
pattern striped noise. 

24. The method of claim 19, wherein column readout is operated with a 
column switching interval that is short compared to the settling time constant of said 
column lines. 
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